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[57] ABSTRACT 
Opaque voided films having a total luminous transmis- 
sion not exceeding 25% are made from blends of a 
polyester preferably polyethylene terephthalate, with 
3 to 279b of an ethylene or propylene polymer, pre- 
pared by dry blending. One end use of the Him, as a 
base for photographic prints is also described. 

12 Claims, No Drawings 
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thalene dicarb xylic acid, succinic acid, sebacic acid, 

OPAQUE MOLECULARLY ORIENTED AND HEAT adipic acid, azelaic acid, bibenzoic acid, and hexahy- 

SET LINEAR POLYESTER' FILM AND PROCESS droterephthalic acid, or bis-p-carboxy phenoxy ethane, 

FOR MAKING SAME with one or more glycols, e.g. ethylene glycol, 1,3- 

5 propanediol, 1-4-butanediol, neopentyl glycol and 1,4- 

This invention relates to the production of opaque cycl hexanedimethanol. It is to be understood that a 

molecularly dented films of linear polyesters. copolyester f any of the above materials may be used. 

U.S. Pat. No. 3,579,609 relates to polyethylene tere- The preferred polyester is polyethylene terephthalate. 
phthalate films containing an olefin polymer or co- Th p lymeric additive which is blended with the 
polymer or poiytetramethylene oxide additive to en- 10 polyester is a homopolymer or copolymer of ethylene 
hance the flex-resistant properties of the film. Such or propylene. A mixture of homopolymers and/or co- 
flex-resistant films are said to contain no voiding. polymers of ethylene and propylene may be employed 

U.S. Pat. No. 3,640,944 relates to polyethylene tere- if desired. Generally a homopolymer produces ade- 

phthalate tapes containing from 1 to 30% by weight of quate opacity in the film and it is preferred to use 

a high temperature polymeric additive, such as polysul- 13 homopolypropylene. An amount of 3 to 27% by weight 

phone, polyphenyleneoxide or poly-4-methyl-l-pen- of polymeric additive, based on the total weight of the 

tene and up to 3% of a light absorbing material. Such blend, is used. Amounts less than 3% by weight do not 

films are said to be voided and opaque. The polymeric produce an adequate opacifying effect. Increasing the 

additive and the light absorbing material are blended amount of polymeric additive causes the tensile proper- 

into the polyethylene terephthalate by introducing 20 ties, such as tensile yield and break strength, modulus 

them into the reaction vessel in which the polyethylene and elongation to break, to deteriorate and it has been 

terephthalate is polymerised or by introducing the found that amounts generally exceeding about 30% by 

polyethylene terephthalate and the additives into the weight can lead to film splitting during production, 

film extruder alone or together. Satisfactory opacifying and tensile properties can be 

British Pat No. 1,195,153 relates to the production 25 obtained with up to 20% by weight of polymeric addi- 
of oriented films of polyethylene terephthalate contain- tive. Amounts of polymeric additive in the range 8 to 
ing from 0.01 to 5% by weight of polyamide or polypro- 11% by weight are useful and produce good opacity 
. pylene having a melting point not higher than that of and useful tensile properties, 
polyethylene terephthalate by manufacturing condi- The polymeric additive used according to this inven- 
tions which are the same as those used for ordinary 30 tion is incompatible with the polyester component of 
polyethylene terephthalate films. The polyamide or the film and exists in the form of discrete globules 
polypropylene may be incorporated at the polyconden- dispersed throughout the oriented and heat set film, 
sation stage in the production of the polyethylene tere- The opacity of the film is produced by voiding which 
phthalate or in the supply hopper of the extruder. Hie occurs between the additive globules and the polyester 
presence of the polyamide or polypropylene is said to 35 when the film is stretched. It has been discovered that 
improve the homogeneity of the films which are also the polymeric additive must be blended with the linear 
relatively transparent. polyester prior to extrusion through the film forming 

British Pat No. 1,096,064 relates to thermoplastic die by a process which results in a loosely blended 

films containing additives which may be polymers other mixture and does not develop an intimate bond be- 
than those from which the film is made, which other 40 tween the polyester and the polymeric additive. Such a 

polymers either melt at a temperature higher than the blending operation preserves the incompatibility of the 

highest temperature used during the fabrication of the components and leads to voiding when the film is 

film or are virtually immiscible with the molten film stretched. A process of dry blending the polyester and 

forming material when the other polymer itself is in the polymeric additive has been found to be useful. For 
molten state. Polyamides incorporated into polyethyi- 45 instance, blending may be accomplished by mixing 

ene terephthalate films are disclosed. finely divided, e.g. powdered or granular, polyester and 

The present invention relates to a selection of poly- polymeric additive and, thoroughly mixing them to- 
me ric additives in polyethylene terephthalate and gether, e.g. by tumbling them. The resulting mixture is 
forming conditions by which an opaque and voided film then fed to the film forming extruder. Blended polyes- 
may be produced. 50 tcr and polymeric additive which has been extruded 

According to the present invention a process for the and, e.g. reduced to a granulated form, can be success- 
production of an opaque molecularly oriented and heat fully re-extruded into an opaque voided film. It is thus 
set linear polyester film comprises forming a blend of possible to re-feed scrap film, e.g. as edge trimmings, 
particles of a linear polyester with from 3 to 27% by through the process. Alternatively, blending may be 
weight of particles of a homopolymer or copolymer of 55 effected by combining melt streams of polyester and 
ethylene or propylene, extruding the blend as a film, the polymeric additive just prior to extrusion. If the 
quenching and biaxially orienting the film by stretching polymeric additive is added to the polymerisation ves- 
it in mutually perpendicular directions, and heat setting sel in which the linear polyester is produced, it has been 
the film. found that voiding and hence opacity is not developed 

The opacity of the resulting film arises through void- 60 during stretching. This is thought to be on account of 

ing which occurs between the regions of the linear some form of chemical or physical bonding which may 

polyester and the propylene polymer during the arise between the additive and polyester during thermal 

stretching operation. processing. 

The linear polyester component of the film may con- The extrusion, quenching and stretching of the film 
sist of any thermoplastic film forming polyester which 65 may be effected by any process which is known in the 

may be produced by condensing one or more dicarbox- art for producing oriented polyester film, e.g. by a flat 

ylic acids or a lower alkyl diester th re f , e.g. tereph- film process or a bubble or tubular process. The flat 

thalic acid t isophthalic, phthalic, 2,5*, 2,6- r 2,7-naph- film process is preferred for making film according to 
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this invention and inv Ives extruding the blend through 
a slit die and rapidly quenching the extruded web up n 
a chilled casting drum so that the polyester compon nt 
of the film is quenched into the amorphous state. The 
quenched film is then biaxially oriented by stretching in 
mutually perpendicular directi ns at a temperature 
ab v the glass-rubber transition temperature of the 
polyester. Generally the film is stretched in one direc- 
tion first and then in the second direction although 
stretching may be effected in both directions simulta- 
neously if desired. In a typical process the film is 
stretched firstly in the direction of extrusion over a set 
of rotating rollers or between two pairs of nip rollers 
and is then stretched in the direction transverse thereto 
by means of a stenter apparatus. The film may be 
stretched in each direction to 2.5 to 4.5 times its origi- 
nal dimension in the direction of stretching. 

After the film has been stretched it is heat set by 
heating to a temperature sufficient to crystallise the 
polyester whilst restraining the film against retraction 
in both directions of stretching. The voiding tends to 
collapse as the heat setting temperature is increased 
and the degree of collapse increases as the temperature 
increases. Hence the light transmission increases with 
an increase in heat setting temperatures. Whilst heat 
s tting temperatures up to about 230°C can be used 
without destroying the voids, temperatures below 
200%? generally result in a greater degree of voiding 
and higher opacity. 

Th opacity as determined by the total luminous 
transmission of a film depends upon the thickness of 
the film. Thus the stretched and heat set films made 
according to this invention have a total luminous trans- 
missi n not exceeding 25%, preferably not exceeding 
20%, for films having a thickness of at least 100 /*, 
when measured by ASTM test method D-1003-61. 
Films of thickness 50 to 99 /i have a total luminous 
transmission generally up to 30%. 

Th invention also therefore relates to opaque biaxi- 
ally oriented and heat set films produced from a blend 
of a linear polyester and from 3 to 27% by weight of a 
homopolymer or copolymer of ethylene or propylene 
and having a total luminous transmission of up to 30%. 
Such films may be made by the process specified 
above. 

The globules of polymeric additive distributed 
throughout the film produced according to this inven- 
tion are generally 5 to 10 p in diameter and the voids 
surrounding the globules 3 to 4 times the actual diame- 
ter of the globules. 

It has been found that the voiding tends to collapse 
when the void size is of the order of the film thickness. 
Such film therefore tends to exhibit poor opacity be- 
cause of the smaller number of void surfaces at which 
light scattering can occur. Accordingly it is therefore 
preferred that the opaque films of this invention should 
have a thickness of at least 25 microns. Film thick- 
nesses of between 100 and 250 microns are convenient 
for most end uses. 

Because of the voiding, the films are less dense, i.e. 
lighter in weight, and more resilient than non-voided 
films. The density of the films of this invention is in the 
range 0.7 to 1.20. 

The films may contain any compatible additive, such 
as pigments. Thus a light reflecting pigment, such as 
titanium dioxide, may be incorporated to improve the 
appearanc and whiteness of the films. Other additives 
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and fillers may be used to provid special effects such 
as slip and pencil take properties. 

The films of this inventi n may be used without fur- 
ther treatment r they may be further treated, for ex- 

5 ample by the application of a coating. This coating may 
be heat sealable and can be applied by means f xtru- 
slon (in which case the film is pref rably first treated 
with a priming material), or the heat seal polymer may 
be applied fr m aqueous dispersion. A further method 

10 of producing a coated film is to apply the coating to the 
film at some stage before orientation, or preferably, in 
the case of biaxially oriented film, between the two 
stages of biaxial orientation of the film. Suitable coat- 
ings which may be applied in this way include coatings 

15 of vinylidene chloride copolymers for example vinyli- 
dene chloride/acrylonitrile copolymers containing 
from 4 to 20% of acrylonitrile. 

The films may be used in any of the applications for 
which polyethylene terephthalate is used, except of 

20 course those where a high degree of transparency is 
required. For example the film may be used as a paper 
substitute; as a base for carbon paper and carbon rib- 
bon for use in typewriters; in applications where very 
high speed printing of tape is required, e.g. in high 

25 speed printing machines which are used in conjunction 
with computers; textile threads where the decorative 
appearance of the films is useful; magnetic recording 
tape; cable wrapping and as a thermal barrier in protec- 
tive clothing. 

30 The films of this invention exhibit a remarkable pa- 
per-like texture and are therefore suitable for use as a 
paper substitute, in particular as a base for photo- 
graphic prints, i.e. as a substitute for photographic 
printing paper. 

35 The invention therefore also relates to a photo- 
graphic print base or printing material comprising a 
support in the form of an opaque biaxially oriented and 
heat set film formed from a blend of a linear polyester 
and from 3 to 27% by weight of a homopolymer or 

40 copolymer of ethylene or propylene having a total lu- 
minous transmission not exceeding 20%, said support 
carrying a photosensitive layer, The support preferably 
has a thickness of at least 100 /t, and is preferably made 
from blends containing up to 20% by weight of the 

45 polymeric additive. 

Conveniently the photosensitive layer is a silver ha- 
lide-containing gelatinous layer. The photosensitive 
layer may be applied directly to the surface of the 
opaque support but preferably one or more intermedi- 

50 ate layers are provided to enhance the adhesion of the 
photosensitive layer to the film surface. The intermedi- 
ate layer(s) may be applied by any suitable method 
known for the application of coatings to polyester film 
surfaces. Generally, a polymeric subbing layer, such as 

55 vinylidene chloride copolymer which may be applied to 
the film surface from an aqueous dispersion during the 
film production (e.g. between the two stretching opera- 
tions) or after the film has been made, may be applied 
directly to the surface of the film and a gelatinous sub- 

60 bing layer applied over the polymeric layer. 

The photosensitive layer may be applied by any pro- 
cess commonly known in the photographic art for ap- 
plying such layers. 
Depending upon the conditions employed for pro- 

65 ducing the opaque film, the surface of the film may 
have a mat textured appearance. Such a surface is not 
very suitable for some photographic print uses and a 
glossy surface is preferred. Therefore the surface of the 
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opaque support film may be modified by applying a .- p-y AM p T p i 

layer of non-voided polyester r a polymer or cop ly- cAAMrLt i 

mer of an a-olefine, polyethylene being particularly Polyethylene > terephthalate granules were tumble 

suitable. Such an assembly may be made by melt ex- blended with 5% by weight f granular propylene ho- 

truding a polyethylene layer on to the surface of th 5 copolymer having a melt Clow index f 4.0 when mea- 

polyester support. Where the non-voided lay r is of a sured by ASTM test method D-1238-65T using a 2.16 

polyester, it may be applied by coextruding laminae of kg weight at 230°C. Th blend was extrud d in the form 

the poly ster + ethylene r propylen polymer and th of a film and rapidly quenched to render the polyester 

unmodified polyest r. component amorph us. The film was then stretched in 

A support provided with a polymeric coating such as 10 the machine direction 2.8 times its initial dimension at 

polyethylene may be coated with one or more interne- 9S°C and then stretched transversely 3.0 times its initial 

diate layers as described above which may conve- dimension at iOS^C. The film was heat set under con- 

niently include a polymeric subbing layer and a gelati- stant dimensions at 190°C to give a finished film of 155 

nous subbing layer. The surface of a coating such as microns thickness. The film produced had a white 

polyethylene may heed pretreatment, e.g. by corona 15 opaque appearance resulting from voiding around the 

discharge, to develop adhesion to further coatings polypropylene globules and its total luminous transmis- 

which may be applied to it. sion was 21%. The film also exhibited the following 

A variety of sandwich structures of voided and non- properties, 
voided films may be made, comprising a layer of the 

opaque voided film laminated with one or more layers 20 



of polymeric non-voided films. An example of such a i?*^!? 1 * T J?!!!]!.* r8c 

, r , . . _, . „ . , , r - . _ direction direction 

structure is a sandwich of a voided core layer with 



non-voided, but preferably opaque, polymeric layer on Yield strength JS'x 1 *! 9 4 103 

either side of the core. Such a sandwich would have Break'strength io>x^! 17.9 17.2 

greater stiffness relative to its weight (because of the 25 Modulus kg mm" 1 324 389 

lower density of the voided core) but would have both Elongation at break * 209 130 

surfaces glossy. This type of sandwich could be used for 

rato^tT* M ,den% doCUmentS 311(1 ph0t °- The film was coated with conventional vinylidene 

i^SJH :„ „ Mn j„-^, nf _„ ■ . . in chloride copolymer and gelatinous subbing layers and 

Another example is a sandwch of one non-voided 30 oyeTC ^li ^ a -latinous light sensitive sUver 

layer laminated to a voided layer. This sandwich could J"™, r 7 ™*~„rr™ *J=! * 7^7Z^\„ ??„aIZa *Z*nJr.t 

be used for laminating to boards and other substrates to bromide emulsion. The ; coated film rendered excellent 

\ TZaZLL ...^.Ttiv» \Zm*a i» photographic prints when exposed to a light image and 

give a glossy surface. The voried backing layer which is p^c^edin a conventional manner. 

bonded to the substrate masks any grain or roughness F 

of the substrate. Without such a backing layer any grain 35 EXAMPLES 2 TO 5 

or roughness of the substrate shows on the glossy sur- The of Bxsaapii , was repeated fot Exam . 

Yet another sandwich is avoided layer on either side P 1 " 2 , to 5 ; The polymer* additive was granular poly- 

of a non-voided core Such a sandwich has greater ^JS^Sm^^SJS^ 

of the same thickness. This type of sandwich is of use as polyethylene terephtiialate. The proportion of polypro- 

The present invention is illustrated in further detail opaque " 
by the following examples: 
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Heat set temperature *C 
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The films so obtained were coated firstly with a con- 
ventional vinyliden chloride subbing layer and then 
withaconv nti nal gelatinous subbing layer using stan- 
dard coating techniques. An overcoating of a gelati- 
nous light sensitive silver bromide layer was then ap- 
plied. When the coated films were exposed to a light 
image and developed and fixed tn conventional pro- 
cessing solutions good quality photographic prints w re 
obtained. 

In modifications to the above Examples 1 to 5 the 
opaque films obtained therein were coated with a sub- 
bing layer comprising a mixture of a butadiene copoly- 
mer and gelatin. The butadiene copolymer had the 
composition: 36.8 mole % butadiene, 60.5 mote % 
styrene and 2.7 mole % itaconic add. 

The subbing composition made up from the butadi- 
ene copolymer was (parts being measured by weight): 



8 



10 



1 part 
1 part 



butadfene/styrene/iteconlc 
acid copolymer 



active ionic cmubifter 
available commercially 
under the trade name 
Teener 610 
distilled* 



88 parts 

The films coated with the above composition were 
overcoated with a conventional gelatinous silver bro- 
mide emulsion. When exposed to a light image and 
processed in conventional photographic processing 
solutions good quality photographic prints were ob- 
tained. 

EXAMPLES 6 to 14 

The procedure of Example 1 was repeated using the 
same polypropylene polymeric additive blended in 
amounts of IS, 20 and 25% by weight with polyethyl- 
ene terephthalate. The stretching conditions were as 
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comprises forming a loosely blended mixtur of parti- 
cles of a linear polyester produced by condensing at 
least ne dicarboxylic acid, a lower alkyl diester 
thereof or bis-p-carboxyphenoxyethane with at 1 ast 
on glycol with from 3 to 27% by weight of particles of 
a homopolymer of ethyl n or propylene, there being 
no intimate bond between the polyester and homopoly- 
mer, extruding the blended mixture as a film, quench- 
ing and biaxialiy orienting th film by str tching it in 
mutually perpendicular directions, and heat setting the 
film. 

2. A process according to claim 1, in which the linear 
polyester is polyethylene terephthalate. 

3. A process according to claim 1, in which the 
blended mixture is formed with a homopolymer of 
propylene. 

4. A process according to claim 1, in which the ho- 
mopolymer is present in an amount of up to 20% by 
weight 

5. A process according to claim 1, in which the heat 
setting temperature is up to 200*C. 

6. An opaque molecularfy oriented and heat set lin- 
ear polyester film produced from a blend of particles of 
a linear polyester produced by condensing at least one 

25 dicarboxyhc acid, a lower alkyl diester thereof or bis-p- 
carboxyphenoxyethane with at least one glycol and 
from 3 to 27% by weight of particles of a homopolymer 
of ethylene or propylene and having a total luminous 
transmission of up to 30%, the homopolymer being 
dispersed in the form of discrete particles throughout 
the oriented and heat set film. 

7* An opaque film according to claim 6, having a 
thickness of at least 100 ^ and a total luminous trans- 
mission not exceeding 20%. 

& An opaque film according to claim 6, having a 
density in the range 0.7 to 1.20. 

9. An opaque film according to claim 6, in which the 
linear polyester is polyethylene terephthalate. 

10. An opaque film according to claim 6, in which 
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30 



35 



^^tS^SJSXX^X^^S. I" 1 " P™«8 of claim 1 wbSrebi the polyester and 

lowing table together with the resulting film properties. haa ^ dtf * m are blended together by dry blending 
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The opaque films obtained in these examples were 
coated with a conventional gelatinous light sensitive 
silver bromide emulsion and yielded good quality pho- 
tographic prints when exposed to a light image and 
processed in a conventional manner. 

We claim: 

1. A process for the production of an opaque molecu- 
larly oriented and heat set linear polyester film, which 



powdered or granulated polyester and the homopoly- 
mer to obtain said loosely blended mixture wherein 
there is no intimate bond between the polyester and 

60 homopolymer. 

12* The process of claim 1 wherein the polyester and 
homopolymer are blended together by combining to 
melt streams of the polyester and homopolymer just 
before extrusion. 

63 * * * * * 



